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APPARATUS AND METHOD FOR CONDITIONING AND MONITORING 
MEDIA USED FOR CHEMICAL-MECHANICAL PLANARIZATION 

-^^'^TECHNICAL FIELD 

The present invention relates to an apparatus and method for 
5 conditioning and monitoring media used for chemical-mechanical planarization 
of microelectronic substrates. 



BACKGROUND OF THE INVENTION 

Chemical-mechanical planarization ("CMP") processes remove 
material from the surface of a semiconductor wafer in the production of 

10 integrated circuits. Figure 1 schematically illustrates a CMP machine 10 having 
a platen 20. The platen 20 supports a planarizing medium 21 that can include a 
poUshing pad 27 having a planarizing surface 29 on which a planarizing liquid 28 
is disposed. The polishing pad 27 may be a conventional polishing pad made 
from a continuous phase matrix material (e.g., polyurethane), or it may be a new 

15 generation fixed-abrasive polishing pad made from abrasive particles fixedly 
dispersed in a suspension medium. The planarizing liquid 28 may be a 
conventional CMP slurry with abrasive particles and chemicals that remove 
material from the wafer, or the planarizing liquid may be a planarizing solution 
without abrasive particles. In most CMP applications, conventional CMP slurries 

20 are used on conventional polishing pads, and planarizing solutions without 
abrasive particles are used on fixed abrasive polishing pads. 

The CMP machine 10 also can include an underpad 25 attached to 
an upper surface 22 of the platen 20 and the lower surface of the polishing pad 
27. A drive assembly 26 rotates the platen 20 (as indicated by arrow A), or it 

25 reciprocates the platen 20 back and forth (as indicated by arrow B), Because the 
polishing pad 27 is attached to the underpad 25, the polishing pad 27 moves with 
the platen 20. 
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A wafer carrier 30 positioned adjacent the polishing pad 27 has a 
lower surface 32 to which a wafer 12 may be attached. Alternatively, the wafer 
12 may be attached to a resilient pad 34 positioned between the wafer 12 and the 
lower surface 32. The wafer carrier 30 may be a weighted, free-floating wafer 
carrier, or an acmator assembly 40 may be attached to the wafer carrier to impart 
axial and/or rotational motion (as indicated by arrows C and D, respectively). 

To planarize the wafer 12 with the CMP machine 10, the wafer 
carrier 30 presses the wafer 12 face-downward against the polishing pad 27. 
While the face of the wafer 12 presses against the polishing pad 27, at least one 
of the platen 20 or the wafer carrier 30 moves relative to the other to move the 
wafer 12 across the planarizing surface 29. As the face of the wafer 12 moves 
across the planarizing surface 29, material is continuously removed from the face 
of the wafer 12. 

One problem with CMP processing is that the throughput may 
drop, and the uniformity of the poUshed surface on the wafer may be inadequate, 
because waste particles from the wafer 12 accumulate on the planarizing surface 
29 of the polishing pad 27. The problem is particularly acute when planarizing 
doped silicon oxide layers because doping softens siHcon oxide and makes it 
slightly viscous as it is planarized. As a result, accumulations of doped sihcon 
oxide glaze the planarizing surface 29 of the polishing pad 27 with a coating that 
can substantially reduce the polishing rate over the glazed regions. 

To restore the planarizing characteristics of the polishing pads, the 
polishing pads are typically conditioned by removing the accumulations of waste 
matter with an abrasive conditioning disk 50. Conventional abrasive 
conditioning disks are generally embedded with diamond particles, and they are 
mounted to a separate actuator 55 on a CMP machine that can move the 
conditioning disk 50 rotationally, laterally, or axially, as indicated by arrows E, F, 
and G, respectively. Typical conditioning disks remove a thin layer of the pad 
material itself in addition to the waste matter to form a new, clean planarizing 
surface 29 on the polishing pad 27. Some conditioning processes also include 
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disposing a liquid solution on the polishing pad 27 that dissolves some of the 
waste matter as the abrasive disks abrade the polishing surface. 

One problem with conventional conditioning methods is that the 
conditioning disk 50 can lose effectiveness by wearing down or by having the 
interstices between abrasive particles plugged with particulate matter removed 
from the polishing pad 27. If the change in effectiveness is not detected, the 
polishing pad 27 may be insufficiently conditioned and subsequent planarizing 
operations may not remove a sufficient quantity of material from the wafer 12. 
Another problem is that the conditioning disk 50 may condition the polishing pad 
27 in a nonuniform manner, for example, because the build-up of deposits on the 
polishing pad may be non-uniform or because the relative velocity between the 
polishing pad and the conditioning disk changes as the conditioning disk moves 
radially across the planarizing surface 29. 

One approach to addressing the above problems is to measure a 
friction force at an interface with the pohshing pad. U.S. Patent No. 5,743,784 
discloses detecting the roughness of a polishing pad with a floating head 
apparatus positioned away from the conditioning disk. One drawback with this 
method is that the friction force detected by the floating head may not accurately 
represent the friction force between the conditioning disk and the polishing pad. 
Furthermore, the separate floating head adds to the overall complexity of the 
CMP apparatus. 

Another approach is to measure a contact force between a 
conditioning end effector and the polishing pad, as disclosed in U.S. Patent 
No. 5,456,627. As discussed above, a drawback with this approach is that the 
contact force may not adequately represent the friction force between the 
polishing pad and the conditioner. 

U.S. Patent No. 5,036,015 discloses sensing a change in friction 
between the wafer and the polishing pad by measuring changes in current 
supplied to motors that rotate the wafer and/or the polishing pad to detect the 



endpoint of planarization. However, this method does not address the problem of 
detecting the condition of the conditioning disk. 

SUMMARY OF THE INVENTION 

The present invention is directed toward methods and apparatuses 
5 for conditioning and monitoring a planarizing medium used for planarizing a 
microelectronic substrate. In one aspect of the invention, the apparatus can 
include a conditioning body having a conditioning surface configured to engage a 
planarizing surface of the planarizing medium. In one embodiment (for example, 
when the planarizing medium includes a circular polishing pad, or an elongated 
0 polishing pad extending between a supply roller and a take-up roller) the 
conditioning body can have a circular planform shape. Alternatively, (for 
example, when the planarizing medium includes a high speed continuous loop 
polishing pad), the conditioning body can be elongated across a width of the 
pohshing pad. At least one of the conditioning body and the planarizing medium 
5 is movable relative to the other to condition the planarizing surface. 

The apparatus can further include a sensor coupled to the 
conditioning body to detect a frictional force imparted to the conditioning body 
by the planarizing medium when one of the conditioning body and the 
planarizing medium moves relative to the other. The sensor can be coupled to a 
0 support that supports the conditioning body relative to the planarizing medium. 
For example, the support can include two support members, one pivotable 
relative to the other, and the sensor can include a force sensor positioned between 
the two support members to detect a force applied by one support member to the 
other as the conditioning body engages the planarizing medium. Altematively, 
5 the support can include a piston movably received in a cylinder and the sensor 
can include a pressure transducer within the cylinder or a pointer that detects 
motion of the piston relative to the cylinder. 

In another aspect of the invention, the apparatus can include a 
feedback device that controls the relative velocity, position, or force between the 
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conditioning body and the planarizing medium in response to a signal received 
form the sensor. In still another aspect of the invention, the conditioning body 
can be used to determine a characteristic of the planarizing medium, and can 
further be used to compare characteristics of one planarizing medium to 
5 characteristics of another. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partially schematic, partial cross-sectional side 
elevation view of a chemical mechanical planarizing apparatus in accordance 
with the prior art. 

10 Figure 2 is a partially schematic, partial cross-sectional side 

elevation view of an apparatus having a conditioning body and a pivoting support 
assembly in accordance with an embodiment of the invention. 

Figure 3 is a partially schematic, partial cross-sectional side 
elevation view of an apparatus having a conditioning body supported by a 
ilJ 15 support assembly that includes a piston movably receiyed in a cylinder in 

! ;k accordance with another embodiment of the invention. 

J: 

Figure 4 a partially schematic, partial cross-sectional side elevation 
view of an apparatus having a conditioning body coupled to a support assembly 
that includes a sensor positioned to detect linear motion of the conditioning body 

20 in accordance with still another embodiment of the invention. 

Figure 5 is a partially schematic, partial cross-sectional side 
elevation view of an apparatus having a conditioning body coupled to a support 
assembly that includes a piston biased within a cylinder in accordance with yet 
another embodiment of the invention. 

25 Figure 6 is a partially schematic, partial cross-sectional side 

elevation view of an apparatus having a support assembly that includes a strain 
gauge in accordance with still another embodiment of the invention. 
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Figure 7 is a partially schematic, side elevation view of an 
apparatus having a conditioning body and a continuous polishing pad in 
accordance with yet another embodiment of the invention. 



DETAILED DESCRIPTION OF THE INVENTION 
5 The present invention is directed toward methods and apparatuses 

for monitoring and conditioning planarizing media used for planarizing a 
microelectronic substrate. The apparatus can include a conditioning body having 
a sensor that detects friction between the conditioning body and the planarizing 
medium during conditioning. Many specific details of certain embodiments of 
10 the invention are set forth in the following description and in Figures 2-7 to 
provide a thorough understanding of such embodiments. One skilled in the art, 
liy however, will understand that the present invention may have additional 

p embodiments and that they may be practiced without several of the details 

l„ • described in the following description. 

f U 15 Figure 2 illustrates one embodiment of a CMP machine 110 in 

|ij accordance with the invention having a platen 120 and a planarizing medium 

i f 121. In the embodiment shown in Figure 2, the planarizing medium 121 includes 

a polishing pad 127 releasably attached to the platen 120 and a planarizing liquid 
128 disposed on a planarizing surface 129 of the pohshing pad 127. The platen 
20 120 can be movable by means of a platen drive assembly 126 that can impart 
rotational motion (indicated by arrow A) and/or translational motion (indicated 
by arrow B) to the platen 120. As was discussed above, the CMP machine 1 10 
can also include a carrier 130 and a resilient pad 134 that together press a 
microelectronic substrate 112 against the planarizing surface 129 of the pohshing 
25 pad 127. A carrier drive assembly 140 can be coupled to the carrier 130 to move 
the carrier axially (indicated by arrow C) and/or rotationally (indicated by arrow 
D) relative to the platen 120. 

The apparatus 110 can further include a conditioning body 150 
supported relative to the planarizing medium 121 by a support assembly 160. 



The conditioning body 150 can have a generally circular planform shape and a 
conditioning surface 151 that can include abrasive particles such as diamonds or 
other relatively hard substances. In one embodiment, the conditioning body 150 
can remain in a fixed position while the planarizing medium 121 rotates and/or 
translates beneath the conditioning surface 151. In another embodiment, an 
actuator unit 190 (shown schematically in Figure 2) can move the conditioning 
body 150 relative to the planarizing medium 121, as will be discussed in greater 
detail below. 

The support assembly 160 can include an upright support 161 
coupled to the conditioning body 150 and a lateral support 162 coupled to the 
upright support 161. The upright support 161 can be coupled to the conditioning 
body 150 at a gimbal joint 163 to allow the conditioning body 150 to rotate and 
pivot relative to the upright support 161 during conditioning. The upright 
support 161 can be coupled to the lateral support 162 with a pivot pin 164 that 
allows the upright support 161 to pivot relative to the lateral support 162. The 
lateral support 162 can include a forward portion 165 removably coupled to a 
rear portion 166 with securing pins 167. Accordingly, the forward portion 165 
can be used to retrofit an existing rear portion 166. 

In one embodiment, a force sensor 180 is positioned between the 
upright support 161 and the lateral support 162 to detect a compressive force 
transmitted from the upright support 161 to the lateral support 162 when the 
conditioning body 150 and the planarizing medium 121 move relative to each 
other. In one aspect of this embodiment, the force sensor 180 can include an 
SLB series compression load cell available from Transducer Techniques of 
Temeculah, California. In other embodiments, the force sensor 180 can include 
other devices, as will be discussed in greater detail below. 

In operation, the conditioning body 150 is positioned on the platen 
120, both to the left of center and forward of center as shown in Figure 2. The 
platen 120 and the planarizing medium 121 rotate in the direction indicated by 
arrow A, such that the portion of the planarizing medium 121 in the foreground 
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of Figure 2 moves from right to left, Frictional forces between the planarizing 
medium 121 and the conditioning body 150 then impart a force on the 
conditioning body 150 in the direction indicated by arrow H. Under the 
influence of the force on the conditioning body 150, the upright support 161 
5 tends to pivot in a clockwise direction about the pivot pin 164, compressing the 
force sensor 180 between the upright support 161 and the lateral support 162. 
The force sensor 180 can detect the compressive force and can also detect 
changes in the compressive force resulting from changes in the planarizing 
medium 121 and/or the conditioning body 150. For example, the frictional force. 

10 between the planarizing medium 121 and the conditioning body 150 (and 
therefore the compressive force on the force sensor 180) may increase as the 
conditioning body 150 removes material from the planarizing surface 129 and 
roughens the planarizing surface. Conversely, the frictional force and the 
compressive force may decrease as the conditioning surface 151 of the 

15 conditioning body 150 becomes glazed with material removed form the polishing 
pad 127 and/or the conditioning body 150. 

In an alternate embodiment, for example, where the conditioning 
body 150 contacts a portion of the planarizing medium 121 toward the rear of 
Figure 2, the planarizing medium 121 can impart a frictional force on the 

20 conditioning body in a direction opposite that indicated by arrow H. 
Accordingly, the force sensor 180 can include a strain gauge or other device 
configured to detect tensile (as opposed to compressive) forces between the 
upright support 161 and the lateral support 162. 

The actuator unit 190 can move the support assembly 160 and the 

25 conditioning body 150 relative to the planarizing medium 121, either in 
conjunction with or in Heu of moving the planarizing medium 121. In one 
embodiment, the actuator unit 190 can include a controller 193 coupled to one or 
more actuators (shown schematically in Figure 2) for moving and/or biasing the 
conditioning body 150. For example, the controller 193 can be coupled to a 

30 lateral actuator 192 to move the support assembly 160 and the conditioning body 
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In one embodiment, a pair of force sensors 580 are positioned on 
opposite sides of the first support member 561 between the first support member 
561 and the second support member 562 to detect forces transmitted from the 
first support member 561 to the second support member 562 when the polishing 
5 pad 527 moves relative to the conditioning body 550. Alternatively, the force 
sensors 580 can be positioned on other portions of the support assembly 560 or 
the conditioning body 550, so long as they are configured to detect the frictional 
forces between the conditioning body 550 and the polishing pad 527. 

The apparatus 510 can also include an actuator unit 590 to apply 
0 forces to the conditioning body 550. For example, the actuator unit 590 can 
include a controller 593 coupled to a normal force actuator 591 to apply a force 
to the support assembly 560 that is normal to the polishing pad 527. 
Accordingly, the actuator unit 590 can vary the force with which the conditioning 
body 550 engages with the polishing pad 527. As was discussed above with 
5 reference to Figure 2, the controller 593 can be coupled to the sensors 580 to 
change the normal force apphed to the conditioning body 550 in response to 
signals received from the force sensors 580. 

In one embodiment (for example, when the conditioning body 550 
is generally rigid), the support assembly 560 can engage the conditioning body 
550 midway across the span of the conditioning body 550 to apply an 
approximately uniform normal force across the width of the polishing pad 527. 
Alternatively, a plurality of support assemblies 560 can be coupled across the 
span of the conditioning body 550 to apply constant or variable forces to the 
conditioning body 550. For example, when the conditioning body 550 is 
compliant in the normal direction, each of the plurality of support assemblies 560 
can independently control the normal force applied to a spanwise portion of the 
conditioning body 550. An advantage of this arrangement is that the normal 
force applied to the conditioning body 550 can be locally increased to account for 
local variations in the characteristics of the polishing pad 527 and/or the 
conditioning surface 551 of the conditioning body 550. 
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150 laterally as indicated by arrow F, and a sweep actuator 195 to sweep the 
support assembly 160 and the conditioning body 150 in a sweeping motion 
generally perpendicular to the plane of Figure 2. The controller 193 can also be 
coupled to a downforce actuator 191 that can apply a downward force to the 
5 support assembly 160 in the direction indicated by arrow G to vary the force with 
which the conditioning body 150 contacts the planarizing medium 121. 

Still further, the controller 193 can be coupled to a rotational 
actuator 194 for rotating the conditioning body 150 relative to the planarizing 
medium 121, as indicated by arrow E. In a further aspect of this embodiment, the 
n: 10 force sensor 180 can be supplemented or replaced by an electrical current sensor 

J;^ 180a coupled to the rotational actuator 194. The current sensor 180a can detect 

itt changes in the current drawn by the rotational actuator 194 as the frictional 

m forces between the conditioning body 150 and the planarizing medium 121 

i=y change. Alternatively, the current sensor 180a can be supplemented or replaced 

;:_ • 15 by another type of sensor, such as a torque sensor, deflection sensor or strain 
| Ui gauge, positioned in the drive train between the rotational actuator 194 and the 

J j conditioning body 150 to measure forces on the drive train caused by friction on 

^ the conditioning body 150. 

In one embodiment, the force sensor 180 can be coupled to the 
20 controller 193 (as shown in dashed lines in Figure 2) to provide a feedback loop 
for controlling the motion and/or downforce applied to the conditioning body 150 
in response to changes detected by the force sensor 180. For example, the 
controller 193 can include a mechanical or microprocessor feedback unit that 
receives signals from the force sensor 180 and automatically controls the 
25 actuators, 191, 192, 194, and/or 195 to control the position of the conditioning 
body 150, the speed with which the conditioning body 150 moves relative to the 
planarizing medium 121, and/or the downforce between the conditioning body 
150 and the polishing pad 127. In a further aspect of this embodiment, the 
controller 193 can signal the user if changing any of the above parameters does 
30 not result in the desired change in frictional force. Accordingly, the controller 
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193 can prevent the conditioning body 150 from applying an excessive force to 
the planarizing medium 121. 

In an alternate embodiment, the force detected by the force sensor 
180 can be displayed to the user via a conventional display device 196, such as a 
digital display, strip chart recorder, graphic display or other type of display 
device. As the force sensor 180 detects a change in the frictional force between 
the conditioning body 150 and the planarizing medium 121, the user can clean or 
otherwise refurbish the conditioning body 150 and/or manually increase the 
downforce on the conditioning body 150 to increase the rate with which the 
conditioning body 150 conditions the planarizing medium 121. 

The apparatus 110 can be operated according to one or more of 
several methods. For example, the force sensor 180 can monitor the frictional 
force between the conditioning body 150 and the planarizing medium 121 during 
in situ conditioning (which is simultaneous with planarizing the wafer 1 12) or ex 
situ conditioning (which is conducted separately from planarization). The 
controller 193 can adjust the downforce on the conditioning body, in response to 
signals received from the force sensor 180, to keep the frictional force between 
the conditioning body 150 and the planarizing medium 121 approximately 
constant. For example, the frictional force can be a function of the surface 
characteristics of the planarizing surface 129 and/or the conditioning surface 151, 
the normal force between the two surfaces, and the relative velocity between the 
two surfaces. The relative velocity between the two surfaces can in turn be a 
function of the rotational and/or translational speed of the polishing pad 127, the 
rotational and/or translational speed of the conditioning body 150, and the 
position of the conditioning body 150 relative to the polishing pad 127. When 
the relative velocity is low, the frictional forces tend to be low. As the relative 
velocity increases, the frictional forces tend to increase until, at some point, the 
conditioning body 150 can "plane" on the planarizing liquid 128, which reduces 
the frictional force. Accordingly, one method of operation can include selecting 
a target frictional force and adjusting the rotation speed of the platen 120 to keep 
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the actual frictional force approximately the same as the target frictional force. 
In other embodiments, other variables affecting the frictional force can be 
controlled, either manually or automatically via the controller 193, to keep the 
frictional force approximately constant. 
5 In another method of operation, the force sensor 1 80 can be used to 

monitor the condition of the pohshing pad 127. For example, a relatively light 
downforce can be applied to the conditioning body 150, generating a small 
frictional force between the conditioning body 150 and the pohshing pad 127. 
The small frictional force can be either the weight of the conditioning body 150 
10 or the weight combined with a downforce appUed to the conditioning body 150 
with the downforce actuator 191. During planarization, the frictional force can 
change (either upwardly or downwardly, depending on the characteristics of the 
polishing pad 127 and the type of material removed from the substrate 112), 
indicating a change in the effectiveness with which the polishing pad 127 
15 planarizes the substrate 112. The force sensor 180 can detect this change and 
indicate to the user when the efficiency of the pohshing pad 127 is less than 
optimal. In a further aspect of this embodiment, the controller 193 can increase 
the downforce on the conditioning body 150 upon detecting the change in 
characteristics of the polishing pad 127, and thereby condition the polishing pad 
20 127 by removing material from the planarizing surface 129. 

In still another method of operation, the rotational speed of the 
pohshing pad 127 can be varied based on the position of the conditioning body 
150 to maintain the relative linear velocity between the two approximately 
constant. For example, the rotational speed of the polishing pad 127 can 
25 decrease as the conditioning body 150 moves toward the periphery of the 
polishing pad 127 and can increase as the conditioning body 150 moves toward 
the center of the polishing pad 127. Accordingly, the downforce applied to the 
conditioning body 150 need not be adjusted as the conditioning body 150 moves 
relative to the polishing pad 127, except to account for changes in the surface 
30 conditions of the conditioning body 150 and the pohshing pad 127. 
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In yet another method of operation, the apparatus 1 10 can be used 
to compare two or more poHshing pads 127. For example, a selected downforce 
can be applied to the conditioning body 150 while the conditioning body engages 
a first polishing pad 127. The resulting frictional force, as measured by the force 
5 sensor 180 can be compared with the frictional force obtained when the 
conditioning body 150 engages a second polishing pad (not shown). 

An advantage of the apparatus shown in Figure 2 is that the force 
sensor 180 can detect changes in the performance of the conditioning body 150 
as the conditioning body 150 conditions the polishing pad 127. The user can 
Pi 10 respond to the detected changes by adjusting the speed, position or surface 

;;J characteristics of the conditioning body 150 to increase the operating efficiency 

jjO of the conditioning body. A further advantage is that the force sensor 1 80 can be 

m coupled to the controller 193 in a feedback loop to automatically adjust the 

performance of the conditioning body 150 by controlling the operation of one or 
J:„ . 15 more of the actuators 191, 192, 194, and 195. Accordingly, the speed, position 
I y and/or surface characteristics of the conditioning body 150 can be adjusted on a 

J J continuous or intermittent basis to uniformly condition the pohshing pad 127. 

■;f Still a further advantage of the apparatus 110 is that the force 

sensor 180 can directly and therefore more accurately detect changes in the 
20 characteristics of the conditioning body 150. This arrangement is unlike some 
conventional arrangements in which a device separate from the conditioning 
body contacts the polishing pad 127 and detects a force which may or may not 
represent the forces on the conditioning body 150. 

Yet another advantage is that the force sensor 180 can be used to 
25 detect changes in the roughness of the pohshing pad 127. Accordingly, the 
apparatus 110 can be used to determine when the pohshing pad 127 has been 
adequately conditioned, for example, when the frictional force between the 
polishing pad 127 and the conditioning body 150 exceeds a selected threshold 
value. Furthermore, the force sensor 180 can detect roughness variations across 
30 the planarizing surface 129 of the polishing pad 127 as the conditioning body is 
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moved over the planarizing surface 129. For example, when the platen 20 rotates 
in the direction indicated by arrow A, the relative velocity between the 
conditioning body 150 and the polishing pad 127 will be higher toward the 
periphery of the polishing pad 127 then toward the center of the polishing pad, 
5 resulting in radial non-uniformities in the roughness of the planarizing surface 
129. As discussed above, the actuators 191, 192, 194, and 195 can then be 
controlled by the controller 193 to reduce the roughness variations across the 
planarizing surface 129. 

Figure 3 is a partially schematic, partial cross-sectional side 
10 elevation view of an apparatus 210 in accordance with another embodiment of 
•;1 the invention. The apparatus includes a conditioning body 250 positioned 

i;0 adjacent the planarizing medium 121 in a manner generally similar to that 

i Li; 

i:o discussed above with reference to Figure 2. The conditioning body 250 is 

r[J coupled to a support assembly 260 having an upright support 261 coupled at one 

• 15 end to the conditioning body 250 and coupled at the other end to a lateral support 
262. As shown in Figure 3, the lateral support 262 can include an open-ended 
y cyhnder portion 269 sized to slidably receive a corresponding piston portion 268 

I f of the upright support 261 . 

In one embodiment, both the cylinder portion 269 and the piston 
20 portion 268 can have generally circular cross-sectional shapes and in other 
embodiments, both portions can have square or other cross-sectional shapes. In 
any case, a seal 271 can be positioned between the piston portion 268 and the 
walls of the cylinder portion 269 to seal the interface therebetween while 
allowing the piston portion 268 to slide relative to the cylinder portion 269. 
25 Accordingly, the piston portion 268 can slide slightly further into the cylinder 
portion 269 as the frictional force between the planarizing medium 121 and the 
conditioning body increases, and can slide slightly out of the cylinder portion 269 
as the frictional force decreases. 

A force sensor 280, such as a pressure transducer, can be 
30 positioned within the cylinder portion to detect changes in pressure within the 
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cylinder portion 269 as the piston portion 268 moves relative to the cylinder 
portion under the force imparted to it by the conditioning body 250. In one 
aspect of this embodiment, the cylinder portion 269 can include an air supply 
conduit 270 that introduces a small amount of air through an inlet opening 272 in 
5 a wall of the cylinder portion 269. The air can entrain particulates within the 
cylinder portion 269 and purge them through an outlet opening 273. In a further 
aspect of this embodiment, the inlet opening 272 and the outlet opening 273 are 
sized such that the flow of air through the cyUnder portion 269 does not 
adversely affect the measurements of the force sensor 280. Alternatively, the 
10 inlet opening 272, the outlet opening 273 and the conduit 270 can be eliminated. 

An advantage of the apparatus 210 shown in Figure 3 is that the 
i'Q^ force sensor 280 can detect changes in the frictional force between the 

m conditioning body 250 and the planarizing medium 121 as the piston portion 268 

i^rj; moves both into and out of the cylinder portion 269. Accordingly, a single force 

• 15 sensor 280 can detect both increases and decreases in the frictional force between 

Q 

ru the conditioning body 250 and the planarizing medium 121. Alternatively, the 

I J single force sensor 280 can detect changes in the frictional force if the platen 

rotates either in the direction indicated by arrow A, or the opposite direction. 

Another advantage is that the environment within which the force sensor 280 
20 operates can either be sealed or purged to reduce the likelihood for contamination 

of the force sensor 280, improving the reliability of measurements made by the 

force sensor. 

Figure 4 is a partially schematic, partial cross-sectional side 
elevation view of an apparatus 310 in accordance with another embodiment of 

25 the invention. The apparatus 310 includes a conditioning body 350 coupled to a 
support assembly 360 in a manner generally similar to that discussed above with 
reference to Figure 3. The support assembly 360 includes an upright support 361 
having a piston portion 368 that is sealably and slidably received in a 
corresponding cylinder portion 369 of a lateral support 362. In one aspect of this 

30 embodiment, the apparatus 310 can have a sensor 380a that includes a pointer 
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381 coupled to the lateral support 362 and a scale 382 on the upright support 361. 
As the frictional forces between the conditioning body 350 and the planarizing 
medium 121 change, the upright support 361 tends to move relative to the lateral 
support 362. The relative motion between the upright support 361 and the lateral 
support 362 can be detected visually by observing the relative motion between 
the pointer 381 and the scale 382. 

In another embodiment, the force sensor 380a can be supplemented 
by or replaced by a force sensor 380b that includes a linear displacement 
transducer. For example, in one aspect of this embodiment, the linear 
displacement transducer 380b can include a magnet in one or the other of the 
piston portion 368 and the cylinder portion 369 and a magnetic field detector in 
the other portion. In other embodiments, the hnear displacement transducer 380b 
can include other devices. In any case, the hnear displacement transducer 380b 
can generate an electrical signal that is transmitted to the controller 193 in a 
manner generally similar to that discussed above with reference to Figure 2. The 
controller 193 can in turn transmit signals to the actuators 191, 192 and 195, also 
in a manner generally similar to that discussed above with reference to Figure 2 
(for purposes of illustration, the rotational actuator 194 shown in Figure 2 is not 
shown in Figure 4). An advantage of the apparatus 310 shown in Figure 4 is that 
it can provide a mechanical visual indicator of the frictional force between the 
conditioning body 350 and the planarizing medium 121, in addition to or in lieu 
of a digital signal for controlUng the motion of the conditioning body 350. 

As shown in Figure 4, the piston portion 368 is sealably engaged 
within the cylinder portion 369 so that a cushion of air within the cylinder portion 
369 resists axial motion of the piston portion 368. In another embodiment, 
shown in partial cross-sectional elevation view in Figure 5, the resistance can be 
provided by a spring 374 positioned between the piston portion 368 and an end 
wall of the cyhnder portion 369. The spring 374 can resist motion of the piston 
portion 368 into and/or out of the cylinder portion 369. Accordingly, the piston 
portion 368 need not be sealably engaged with the cylinder portion 369. In one 
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aspect of the embodiment, one or more bearings 375 can be positioned between 
the cylinder portion 369 and the piston portion 368 to ensure that the piston 
portion moves smoothly and axially relative to the cylinder portion 369. 

Figure 6 is a partially schematic, partial cross-sectional side 
5 elevation view of an apparatus 410 having a support member 460 with a strain 
gauge 480 attached thereto in accordance with another embodiment of the 
invention. In one aspect of this embodiment, the support member 460 can 
include a single piece that extends from the actuator unit 190 to the conditioning 
body 350. The support member 460 can be generally rigid, but can also flex by a 
10 measurable amount as the frictional forces between the conditioning body 150 
and the planarizing medium 121 change. The strain gauge 480 can be attached to 
the support member 460 at any suitable location where it can detect deflections of 
the support member. 

In the embodiment shown in Figure 6, the apparatus 410 includes a 
15 single strain gauge 480 and in other embodiments, the apparatus 410 can include 
a plurality of strain gauges to detect deflections of the support member 450 along 
one or more axes. In any case, the strain gauge(s) 480 can be coupled to the 
display device 196 to provide the user with a visual indication of the changes in 
frictional forces between the conditioning body 350 and the planarizing medium 
20 121, and/or the strain gauge(s) 480 can be coupled to the controller 193 to 
automatically control the conditioning body 350 in response to the changes in 
frictional force. An advantage of the apparatus 410 shown in Figure 6 is that it 
can include fewer moving parts than other apparatuses and may therefore be 
easier and less expensive to build and maintain. 
25 Figure 7 is a partially schematic, side elevation view of an 

apparatus 510 having two rollers 525 and a continuous polishing pad 527 
extending around the two rollers 525. The polishing pad 527 has a planarizing 
• surface 529 facing outwardly from the rollers 525 and can be supported by a 
continuous support band 525, formed from a flexible material, such as a thin 
30 sheet of stainless steel. A pair of platens 520 provide additional support for the 
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polishing pad 527 at two opposing planarizing stations. Two carriers 530 aligned 
with the platens 520 at the planarizing stations can each bias a substrate 112 
against opposing outwardly facing portions of the pohshing pad 527. Devices 
having the features discussed above with reference to Figure 7 are available from 
Aplex, Inc. of Sunnyvale, Cahfomia under the name AVERA™. Similar devices 
with a horizontally oriented pohshing pad 527 and a single carrier 530 are 
available from Lam Research Corp. of Fremont, California. 

The apparatus 510 can further include a conditioning body 550 
supported relative to the polishing pad 527 by a support assembly 560. The 
conditioning body 550 can have an abrasive conditioning surface 551 pressed 
against the polishing pad 527 to condition the polishing pad 527. In one 
embodiment, the conditioning body 550 can be elongated in a plane transverse to 
the plane of Figure 7 to span the entire width of the polishing pad 527. In one 
aspect of this embodiment, the conditioning body 550 can be generally rigid in a 
direction normal to the polishing pad 527 so that a normal force applied to one 
portion of the conditioning body 550 is distributed over the width of the 
conditioning body 550. Alternatively, the conditioning body 550 can be 
compliant in the normal direction to isolate the normal forces applied to different 
portions of the conditioning body 550, as will be discussed in greater detail 
below. 

The support assembly 560 presses the conditioning body 550 
against the polishing pad 527 and can include a first support member 561 
coupled to the conditioning body 550 and a second support member 562 coupled 
to the first support member 561. The first support member 561 can be rigidly 
coupled to the conditioning body 550 or, alternatively, the first support member 
561 can be coupled to the conditioning body 550 with a gimbal joint 563, as was 
discussed above with reference to Figure 2. The first support member 561 can be 
coupled to the second support member 562 with a pivot pin 564 that allows the 
first support member 561 to pivot relative to the second support member 562 in a 
manner similar to that discussed above with reference to Figure 2. 
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During operation, the continuous polishing pad 527 moves at a 
relatively high speed around the rollers 525 while the carriers 530 press the 
substrates 112 against the pohshing pad 527. An abrasive slurry or other 
planarizing liquid having a suspension of abrasive particles is introduced to the 
surface of the polishing pad 527 which, in combination with the motion of the 
polishing pad 527 relative to the substrates 112, mechanically removes material 
from the substrates 112. The pohshing pad 527 can be conditioned before, after, 
or during planarization with the conditioning body 550 by pressing the 
conditioning body against the pohshing pad 527, in a manner generally similar to 
that discussed above with reference to Figures 2 and 7. 

From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of 
illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. For example, the force sensor and conditioning 
bodies can be used in conjunction with rotary planarizing devices and continuous 
polishing pad devices, as shown in the figures, and can also be used with web- 
format planarizing devices in which the planarizing medium is scrolled across the 
platen from a supply roller to a take-up roller and the conditioner moves relative 
to the planarizing medium to condition the planarizing medium in a manner 
generally similar to that discussed above with reference to Figure 2. 
Accordingly, the invention is not limited except as by the appended claims. 



